Introduction
Contrary to standard chemotherapy agents which affect most replicating cells, drug-induced blockade of ErbB family members targets specific signaling pathways that are essential for tumor cell proliferation and survival. Therefore, treatment with these targeted therapies excludes many of the severe systemic and particularly hematopoietic side effects often seen with cytotoxic chemotherapy. However, as anti-ErbB1 treatment is increasingly part of the therapeutic armamentarium for the treatment of different malignancies, commonly occurring adverse events blocking the ErbB1 pathway have been identified. These reactions are caused by coincident inhibition of receptor activity in tissues that depend on ErbB1 signaling for physiological function. ErbB1 is expressed on nearly all body cells, particularly those of epithelial origin such as skin, liver, and the gastrointestinal tract, but not on hematopoietic cells [1, 2] . As a consequence, the most commonly encountered toxic effects from agents blocking the epidermal growth factor receptor (EGFR) are rash and diarrhea, as well as hepatic disorders. ErbB2 (HER2)-and ErbB1-inhibiting therapies have also resulted in cardiotoxicity. Yet, these adverse events appear to differ in frequency and severity within the various ErbB1-targeting agents. In conclusion, awareness as well as improved understanding and proper management of these side effects are crucial in order to increase patients' compliance, adherence and persistence, and to ensure quality of life and overall treatment success. cidence and severity of diarrhea episodes. Six patients (2%) in each treatment group of the EGF 30001 trial had a decrease in LVEF [5] . Five of 6 patients in each group experienced an asymptomatic LVEF decrease that met protocoldefined serious adverse event (SAE) criteria. None of these events required a dose/schedule adjustment or resulted in treatment withdrawal or death. Decreases in LVEF were considered treatment-related in 3 of 6 patients in the paclitaxel/lapatinib arm and in 4 of 6 patients in the paclitaxel/placebo group. All events occurred more than 28 days after treatment initiation.
Diarrhea and Clinical Management
To characterize diarrhea events in cancer patients treated with lapatinib as monotherapy or in combination with capecitabine or taxanes, Crown et al. [8] conducted a pooled analysis of 9 clinical trials (phase I, II, or III) in patients with metastatic cancer. Lapatinib was administered at doses ranging from 1,000 to 1,500 mg/day as monotherapy (n = 926) or in combination with capecitabine (n = 198) or taxanes (n = 687). Diarrhea events were characterized based on severity, time to onset, duration, required interventions, and clinical outcomes. Diarrhea occurred in 55% of lapatinib-treated patients and 24% of patients not receiving lapatinib. All-grade diarrhea experienced 51% of patients treated with lapatinib monotherapy and 65% under lapatinib plus capecitabine. In a separate analysis, 48% of women receiving lapatinib plus a taxane experienced diarrhea. Overall, most diarrhea events were low-grade 1/2, requiring infrequent lapatinib dose modification or interruption. Grade 3 events occurred in <10% of patients, and grade 4 events were rare (< or = 1%). Most diarrhea events resolved with conventional approaches and without dose modification. Approximately 40% of patients treated with lapatinib monotherapy or combination therapy experienced a first diarrhea event within 6 days of treatment initiation, with a median duration of 7-9 days. Lapatinibcontaining chemotherapy regimens did not cause severe diarrhea when proactive monitoring and intervention was introduced.
Management of diarrhea is crucial to prevent more serious complications in lapatinib-treated patients. Therefore, Chatsiproios and Jackisch [from 9-14] developed a useful algorithm which can be applied by nurses/office assistants ( fig. 1 ) and physicians ( fig. 2) . If a patient experiences mild to moderate (grade 1 or 2) diarrhea, dietary measures like avoiding all lactose-containing products, staying well hydrated, eating frequent small meals, as well as administering standard doses of loperamide are indicated. Diarrhea has to be controlled after 24 h. If there is no improvement seen after 24 h, if the patient experiences severe diarrhea or has complicating features such as severe cramping, severe nausea or vomiting, fever or dehydration, she has to be seen by a physician, and inpatient hospi-
Tolerability in Clinical Phase III Trials
The safety of lapatinib has been evaluated in clinical trials involving more than 3,500 patients [3] . The most frequently reported drug-related adverse events (>20%) in the pivotal phase III trial EGF 100151 with lapatinib plus capecitabine were gastrointestinal (diarrhea, nausea, and vomiting), dermatologic (palmar-plantar erythrodysesthesia and rash), and fatigue. In the combination arm, 60% of women experienced diarrhea (27% grade 1, 20% grade 2, 12% grade 3, and 1% grade 4), versus 39% in the capecitabine monotherapy arm (14% grade 1, 14% grade 2, 11% grade 3) (p < 0.001) [4] . In the combination group, 27% of patients developed rash compared to 15% in the capecitabine monotherapy arm (p = 0.011) [4] . The vast majority of rash cases were mild to moderate (grade 1 or 2), with grade 3 rash seen in 1% of patients in both the combination arm and the capecitabine monotherapy arm. As compared with capecitabine alone, lapatinib plus capecitabine was not associated with an increase in either serious toxic effects or rates of discontinuation related to adverse events. Adverse events led to discontinuation of treatment in 22 women in the combination therapy group (13%) and in 18 women in the monotherapy group (12%). There were no differences in the mean left ventricular ejection fraction (LVEF) by echocardiography or multiple gated acquisition (MUGA) scanning between the two groups at scheduled assessments in the EGF 100151 trial [4] . In the combination arm, 4 women experienced asymptomatic and reversible cardiac dysfunction considered to be treatmentrelated, while 1 patient in the capecitabine monotherapy group suffered from a cardiac event unrelated to treatment, that remained unresolved. No symptomatic cardiac events were observed, and there were no withdrawals from treatment due to declines in LVEF, no cases of congestive heart failure (CHF), and no decreases in the mean LVEF values in the group receiving lapatinib. This safety profile of the small-molecule dual tyrosine kinase inhibitor (TKI) was confirmed by the data of the second phase III trial evaluating the efficacy of lapatinib in combination with paclitaxel as first-line therapy in 579 women with metastatic breast cancer (EGF 30001) [5] . Diarrhea was the most common adverse event, experienced by 58% of women in the combination arm and 26% in the paclitaxel monotherapy group (p < 0.0001). Rash was seen in 43% of women in the lapatinib/paclitaxel arm versus 21% receiving paclitaxel monotherapy (p < 0.0001). Lapatinib combined with paclitaxel was associated with a 2.7% incidence of fatal adverse events (mainly sepsis associated with diarrhea), compared with a 0.6% incidence in the paclitaxel/placebo arm. According to the authors, most of these fatal events occurred early in the accrual period and decreased sharply with time. Increased experience treating these adverse events and the introduction of proactive guidelines for managing lapatinib-related diarrhea during the study likely contributed to the reduced in-skin, the ErbB1 receptor is transiently up-regulated, and is an important contributor to the proliferative and migratory aspects of wound re-epithelialization. Therefore, blocking the ErbB1 pathway at the skin level can result in abnormal proliferation, migration, and differentiation of target cells, and consequent disruption of the integrity of the skin with recruitment of inflammatory cells. The most commonly seen skin reaction with ErbB1 inhibitors is a follicular acneiform eruption, also termed acne-like rash or folliculitis, characterized by inflammatory papules and pustules most often seen on the face, chest, and back [3] . The distribution is called 'acneiform' because the lesions are present at sites with large numbers of pilosebaceous units such as the scalp, face, neck, and upper trunk. However, the characteristic rash is different from classic acne vulgaris because of its lack of comedones. talization should be considered ( fig. 2) . Further doses of lapatinib and chemotherapy should be held; intravenous (IV) fluids, octreotid 100-150 mg subcutaneously 3 times daily (not licensed in Germany for this indication), and antibiotics might be required. Repeated administration of lapatinib should be delayed until the patient recovers.
Rash and Clinical Management
Skin reactions are common in patients receiving ErbB1-targeted treatments, regardless of therapy type (i.e. ErbB1 TKIs or monoclonal antibodies). ErbB1 activation mediates essential functions in the skin such as the promotion of keratinocyte proliferation, survival and motility, and the regulation of differentiation and keratinization [15] . In wounded Fig. 1 . Management algorithm for lapatinibassociated diarrhea for nurses/office assistants developed by the author and C. Jackisch from [9] [10] [11] [12] [13] [14] . Fig. 2 . Management algorithm for lapatinibassociated diarrhea for physicians developed by the author and C. Jackisch from [9] [10] [11] [12] [13] [14] . eruption becomes manifest, followed by crusting at week 4. Despite successful treatment, erythema and dry skin may persist in the areas previously affected by the skin rash through weeks 4 to 6. Other less frequent dermatological side effects Rash associated with ErbB1 inhibitors generally follows a well-characterized clinical course: Within the first week of treatment, patients experience sensory disturbance with erythema and edema [16] . From weeks 1 to 3, the papulopustular Fig. 3 . Management algorithm for lapatinibassociated rash for nurses/office assistants adapted by the author and C. Jackisch from [18] . Fig. 4 . Management algorithm for lapatinibassociated rash for physicians adapted by the author and C. Jackisch from [18] .
Chatsiproios ciplinary management as well as patient education are paramount to improve the symptoms and optimize clinical outcomes by minimizing the need for significant dose reductions or discontinuation. In general, patients should be advised to take appropriate sun protective measures, because sunexposure can exacerbate rash severity on unprotected areas of the body. In addition, greasy ointments and skin care products that exsiccate the skin should be avoided. Instead, frequent moisturizing with alcohol-free emollient creams is recommended.
For the management of skin rash, it is crucial to distinguish between papulopustular and maculopapular eruptions, to determine the extent of body surface area (BSA) affected, and to consider the severity of symptoms ( fig. 3 and 4) [18] . Patients with less than 50% BSA and symptoms that do not affect activities of daily living can be treated with topical medications. If more than 50% BSA is affected, lapatinib and chemotherapy should be discontinued, and topical therapy should be given. Topical retinoids, like the antiacne medication tretinoin, are generally not recommended, because rash seen with lapatinib has a different pathophysiology than acne vulgaris [3] . Referral to a dermatologist is recommended if the skin toxicity does not improve within 1-2 weeks of treatment, or if the patient is severely symptomatic [16] .
Cardiac Function and Clinical Management
Because of the cardiac toxicity associated with trastuzumab [19, 20] , Perez et al. [21] analyzed the cardiac safety of lapatinib using prospective data collected in 44 clinical phase I, II, include dry skin, pruritus, fissures, palmar-plantar rash, hyperkeratosis, and nail disorders.
In an overview of dermatologic events (DEs) in patients with metastatic cancer treated with lapatinib, Lacouture et al. [17] analyzed 9 clinical trials. Lapatinib was administered at doses ranging from 1,000 to 1,500 mg/day as monotherapy (n = 928) or in combination with paclitaxel or capecitabine (n = 491). Patients not treated with lapatinib comprised the control group. Dermatologic events included hand-foot syndrome, rash, hair disorder, dry skin, pruritus/urticaria, skin disorder, skin infection, and nail disorder. Overall, 58% of patients receiving lapatinib monotherapy, 74% of patients treated with lapatinib plus paclitaxel or capecitabine, and 53% of patients in the control group developed dermatologic events [17] . Among patients receiving lapatinib monotherapy, 55% experienced grade 1/2 DEs, 3% had grade 3 DEs. No grade 4 DEs were observed. The most common event was rash (43%); all other events occurred in ≤8% of patients. Most dermatologic side effects developed between days 1 and 14 after starting treatment, with a median duration of 29 days. In most patients, rash attributable to lapatinib resolved during treatment, following a temporary interruption in treatment, or after treatment cessation. A total of 3% of DEs led to a dose reduction of lapatinib, 7% resulted in dose interruption, and only 1% led to drug discontinuation. Compared to other ErbB1 inhibitors, lapatinib is associated with fewer and less severe skin events [17] .
There are no clear evidence-based recommendations for management of lapatinib-associated rash. However, there is considerable experience in managing dermatologic events from other ErbB1-targeted agents [16] . An effective multidis- 
Drug Interactions
The elimination of lapatinib occurs through hepatic metabolism primarily through cytochrome P450 (CYP)3A4 and excretion in feces [3] . Lapatinib inhibits CYP3A4 and CYP2C8 in vitro at clinically relevant concentrations [23] . Therefore, caution should be exercised when dosing lapatinib concurrently with medications with narrow therapeutic windows that are substrates of CYP3A4 or CYP2CA8 (table 1) [3, 23] . Lapatinib undergoes extensive metabolism by CYP3A4. Concomitant administration of inducers or strong inhibitors of CYP3A4 significantly alter lapatinib concentrations (table 1) and should be avoided [23] . Antacids that modify gastric pH may affect the absorption of lapatinib and should generally be avoided for 1 h before and after lapatinib dosing.
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